Aims. The knowledge of the number and of the physical nature of low-metallicity massive galaxies is crucial for the determination and interpretation of the mass-metallicity relation (MZR). Methods. Using VLT-ISAAC near-infrared (NIR) spectroscopy of 39 zCOSMOS 0.5 < z < 0.9 galaxies, we have measured Hα and [N II] λ 6584 emission line fluxes for galaxies with [O II] λ 3727, Hβ and [O III] λ 5007 available from VIMOS optical spectroscopy. The NIR spectroscopy enables us to break the degeneracy of the R 23 method to derive unambiguously O/H gas metallicities, and also star formation rates (SFRs) from extinction corrected Hα fluxes. Results. Using, as a benchmark, the position in the D 4000 vs. [O III] λ 5007/Hβ diagram of galaxies with reliable O/Hs from NIR spectroscopy, we were able to break the lower/upper branch R 23 degeneracy of additional 900 zCOSMOS galaxies at 0.5 < z < 0.9, which do not have measurements of Hα and [N II] λ 6584. Additionally, the Hα-based SFR measurements were used to find the best SFR calibration based on [O II] λ 3727 for the 0.5 < z < 0.9 zCOSMOS galaxies without Hα measurements. With a larger zCOSMOS sample of star-forming galaxies at z ≈ 0.7 with reliable O/H and SFR measurements, we study the MZR at z ≈ 0.7 and its dependence on (specific) SFR. We find a fraction of 19% of lower mass 9.5 < log(M/M ⊙ ) < 10.3 zCOSMOS galaxies which shows a larger evolution of the MZR relation, compared to higher mass galaxies, being more metal poor at a given mass by a factor of 2 − 3 compared to SDSS. This indicates that the low-mass MZR slope is getting steeper at z ≈ 0.7 compared to local galaxies. Many of these galaxies with lower metallicity would be missed by studies which assume upper branch R 23 solution for all galaxies. The existence of these metal-poor galaxies at z ≈ 0.7 can be interpreted as the chemical version of galaxy downsizing. Moreover, the sample of zCOSMOS galaxies shows direct evidence that the SFR influences the MZR at these redshifts. The comparison of the measured metallicities for the zCOSMOS sample with the values expected for a non-evolving fundamental metallicity relation (FMR) shows broadly agreement, and reveals that also galaxies with lower metallicities and typically higher (specific) SFRs, as found in our zCOSMOS sample at z ≈ 0.7, are in agreement with the predictions of a non-evolving Z(M,SFR).
Introduction
Metallicity is one of the most fundamental properties of galaxies. It is a measure of a galaxy's evolution, reflecting the cycling of gas through stars, and any exchange of gas (inflows/outflows) between the galaxy and its environment. Until inflows and outflows can be observed directly and their mass flow rates can be quantified, measurements of gas-phase metallicities and their relation to stellar mass can provide indirect insights into the impact of these gas flows on the chemical evolution of galaxies over time.
In the local universe, there is a tight mass-metallicity relation MZR (Lequeux et al. 1979 ) with, in SDSS, a relatively ⋆ Based on observations obtained at the European Southern Observatory (ESO) Very Large Telescope (VLT), Paranal, Chile; ESO programs 084.B-0312A, 085.B-0317A and large program 175.A-0839 steep slope below M ∼ 10 10.7 M ⊙ , for a Salpeter (1955) IMF, and flattening at higher masses (Tremonti et al. 2004 ). Measurements of the metallicities of stars and star-forming gas in distant galaxies at significant look-back times (e.g. Hammer et al. 2001; Lilly et al. 2003; Kobulnicky et al. 2003; Maier et al. 2004 Maier et al. , 2005 Maier et al. , 2006 Maier et al. , 2014 Lamareille et al. 2009; Zahid et al. 2011 ) have mostly focussed on the O/H abundance of star-forming gas as estimated from a number of empirically calibrated metallicity estimators based on the relative strengths of strong emission lines (ELs). These studies showed that the MZR at higher redshifts evolves relative to that seen locally. However, the observed shape and evolution of the MZR is likely to be affected by the selection of the samples and metallicity estimators used.
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To estimate the chemical abundances, a number of diagnostics have been developed based on strong lines, including the R 23 method first introduced by Pagel et al. (1979 Ma05 previously used VLT-ISAAC and Keck-NIRSPEC near-infrared (NIR) spectroscopy to measure Hα and [N II] λ 6584 emission line (EL) fluxes for thirty 0.5 < z < 0.9 galaxies extracted from the Canada France Redshift Survey (Lilly et al. 1995) . Using the additional measured [OII] , Hβ and [OIII] line fluxes from optical spectra, Ma05 could measure individual extinction values and reliable metallicities for these CFRS galaxies. They found evidence for a population of galaxies with much lower metallicities than local galaxies with similar luminosities. Their nature is still unclear, and understanding why these probably massive galaxies exhibit low gas metallicities is likely to give us insights into the chemical evolution of the general galaxy population. However, important additional information, namely the morphology and reliable stellar masses, was missing for the studied CFRS sample of galaxies (actually morphology information was available just for one of the low-metallicity CFRS galaxies). This information is available for zCOSMOS galaxies with possible low metallicities and similar luminosities as the studied CFRS galaxies: the morphology from ACS-HST images of the COSMOS field, and reliable stellar masses from a data set spanning a wide wavelength range extending to NIR. Nevertheless, to establish the low metallicity of zCOSMOS objects, NIR spectroscopy is crucial to distinguish between the upper branch and lower branch of the R 23 relation.
Pérez- Montero et al. (2013) used the calibration of the N2 parameter proposed by at z < 0.5, and the conversion of the R 23 relation to this N2 parameter at 0.5 < z < 0.9 to study the MZR of zCOSMOS galaxies. However, while zCOSMOS measurements of [O II] λ 3727, Hβ, and [O III] λ 5007 fluxes from optical VIMOS spectra of 0.5 < z < 0.9 galaxies were available, the Hα and [NII] measurements required to break the R 23 degeneracy were missing, so all objects were assumed to lie on the upper, high metallicity, R 23 branch. Moreover, no extinction correction using the Balmer decrement between Hα and Hβ could be obtained for the 0.5 < z < 0.9 sample studied by Pérez-Montero et al. (2013) , and other less accurate extinction indicators had to be used.
In the local universe, the O/H at a given mass also depends on the SFR (and thus also SSFR) of the galaxy, i.e., the SFR is a "second-parameter" in the MZR (e.g., Mannucci et al. 2010, M10 in the following). M10 also claimed that the Z(M,SFR) relation seen in SDSS is also applicable to higher redshift, calling this epoch-independent Z(M,SFR) relation the "fundamental metallicity relation" (FMR). We refer the reader to Maier et al. (2014) for a discussion of the empirical formulations of the Z(M,SFR) by M10, of the physically-motivated formulation of the the Z(M,SFR) by Lilly et al. (2013, Li13 in the following), and of the different extrapolations of these Z(M,SFR) relations to higher redshift. Pérez-Montero et al. (2013) took into account the dependence of metallicity on SFR to derive a SFR-corrected MZR for the zCOSMOS-bright sample. After this corection, an evolution of the SFR-corrected MZR could still be observed, implying that the FMR evolves with redshift. On the other hand, Cresci et al. (2012) used a subsample of the 10k zCOSMOS sample ) with a strong signal-to-noise (S/N) selection (S /N > 20 and S /N > 8 in Hβ flux for log(M/M ⊙ )> 10 and log(M/M ⊙ )< 10, respectively), and concluded no evolution of the FMR up to z ∼ 1. In this paper, we try to reconcile these apparently contradictory results.
The improvement in this paper compared to the Pérez- Montero et al. (2013) and Cresci et al. (2012) studies is due to the new VLT-ISAAC NIR spectroscopy of Hα and [N II] λ 6584 ELs of 0.5 < z < 0.9 galaxies which enables us to derive reliable metallicities based on five ELs for a sample of 39 galaxies, and to use them as a benchmark to break the lower/upper branch R 23 degeneracy of other zCOSMOS galaxies at 0.5 < z < 0.9. Additionally, the SFRs based on the extinction corrected Hα EL flux in the sample with NIR spectroscopy can be also used as a benchmark to find the best SFR derivation method based on [O II] λ 3727 for the rest of the sample of 0.5 < z < 0.9 galaxies, which does not have measurements of Hα and [N II] λ 6584. Moreover, we can also use the morphological information available for the zCOSMOS sample.
The paper is structured as follows: In Sect. 2 we present the selection of a parent sample ELOX of zCOSMOS star-forming 0.5 < z < 0.9 galaxies with ELs. The ISAAC-VLT observations of 39 galaxies selected from the sample ELOX are presented next. In Sect. 3 we investigate the AGN contribution and present the derivation of SFRs, metallicities, extinction parameters, and stellar masses of the 39 galaxies with NIR spectroscopy. We also describe the calibration of the SFRs of the larger ELOX sample, using the ISAAC data. In Sect. 4 we first show how we can break the degeneracy of the R 23 relation to derive metallicities of the ELOX sample using the NIR spectroscopy of the 39 galaxies. We then present the SSFR-mass relation and MZR at z ∼ 0.7, and investigate their dependence on morphologies. We also investigate if the SFR impacts the MZR, and how this compares with predictions of the FMR from different studies. Finally in Sect. 5 we present our conclusions. A concordance-cosmology with H 0 = 70 km s −1 Mpc −1 , Ω 0 = 0.25, Ω Λ = 0.75 is used throughout this paper. Note that metallicity and abundance will be taken to denote oxygen abundance, O/H, throughout this paper, unless otherwise specified.
The data

The parent zCOSMOS sample
The zCOSMOS project ) has been securing spectroscopic redshifts for large numbers of galaxies in the COS-MOS field (Scoville et al. 2007a) . The spectra of about 20 500 I AB ≤ 22.5 selected objects over 1.5 deg 2 of the COSMOS field, the so-called zCOSMOS-bright 20k sample, are now all reduced. This sample includes about 1000 stars, about 1500 objects with no redshift determined, and about 18 000 galaxies at 0 < z < 1.4 with redshifts measured with different confidence classes (reliabilities).
The success rate of measuring redshifts varies with redshift and is very high (more than 90%) between 0.5 < z < 0.9, the redshift range we concentrate on in this paper. Spectroscopic observations in zCOSMOS-bright were acquired using VIMOS with the R ∼ 600 MR grism over the spectral range 5550-9650Å. This enables us to measure the [O II] λ 3727, Hβ, and [O III] λ 5007 line fluxes for galaxies at 0.5 < z < 0.9. For more details about the zCOSMOS survey, we refer the reader to Lilly et al. (2007) for the entire zCOSMOS survey, and to Lilly et al. (2009) , where the so-called zCOSMOS-bright 10k sample is described, a zCOSMOS-bright sub-sample of about 10 000 objects.
Selection of EL zCOSMOS galaxies for metallicity studies
From the parent 20k zCOSMOS sample we first exclude about 1000 stars, and then the broad line active galactic nuclei (AGNs) based on broad ELs seen in the VIMOS spectra. Then, only galaxies with reliable redshifts are selected. Specifically, and with reference to the scheme described by Lilly et al. (2009) , we use reliable redshifts with confidence classes 2.5, 3.x or 4.x, thus remaining with about 13500 galaxies at 0 < z < 1.4. For the metallicity study we need the [O II] λ 3727, Hβ, and [O III] λ 5007 line fluxes to be measured with VIMOS; therefore we restrict the zCOSMOS sample to galaxies at redshifts 0.5 < z < 0.9, leaving us with a sample of about 7000 objects. About 200 X-ray AGNs were then excluded using the XMM (Brusa et al. 2007) , and Chandra COSMOS observations (Elvis et al. 2009 ). To select EL galaxies for which measurements of the gas metallicities are possible, we then consider only objects with a S/N higher than two in the [ Maier et al. 2009 ). We also impose a stricter S/N selection threshold in the EL fluxes of S /N > 3 for [OIII] and S /N > 5 for Hβ, because Hβ and [OIII] are located in a region of the VIMOS spectrum affected by fringing. The S /N > 3 threshold for [OIII] is lower than for Hβ in order not to bias the sample against high metallicity objects (see Fig. 4 in Foster et al. 2012) . Exploring in detail many VIMOS spectra we found that these values for S/N of the [OIII] and Hβ fluxes minimize the number of erroneous flux measurements and resulting wrong metallicities. We chose a S /N > 5 for Hβ because closer inspection of spectra of zCOSMOS galaxies with 2 < S /N < 5 in Hβ has revealed that most of them have problematic Hβ in a noisy region of the VIMOS spectrum. Using objects with S /N < 5 in Hβ would result in unreliable flux measurements with underestimated error bars, because of the fringing, producing spuriously low O/Hs. The applied S /N > 5 selection threshold for Hβ thus minimises the contamination by spurious metallicities. We thus remain with 939 galaxies in the sample ELOX used for our O/H studies.
Sample selection for the ISAAC observations
We selected the ISAAC target galaxies from the sample ELOX. For the selection of ISAAC targets we compared the expected observed wavelength of Hα and [NII]λ6584 ELs, accurately determined given the zCOSMOS-bright velocity accuracy of ∼ 100kms −1 , with the atlas of OH lines by Lidman et al. from
ESO. We excluded objects where the Hα or [NII]λ6584 were expected to fall on strong night sky lines. Applying an additional Hβ flux lower limit cut of 4 × 10 −17 ergs s −1 cm −2 to restrict ISAAC integration times to less than one hour, we selected 39 galaxies at 0.5 < z < 0.9 which we observed with ISAAC.
It turns out that 35 out of the 39 zCOSMOS galaxies are at 0.5 < z < 0.75 (see Table 1 ). Moreover, 797 ELOX galaxies (85% of the sample ELOX) have redshifts 0.5 < z < 0.75. Therefore we will concentrate our discussion on galaxies at 0.5 < z < 0.75, and will sometimes split the sample in two redshifts bins to study also evolution and selection effects: 410 galaxies at 0.5 < z < 0.62, and 387 galaxies at 0.62 < z < 0.75.
ISAAC observations and data reduction
NIR long-slit spectroscopy of 39 zCOSMOS galaxies at 0.5 < z < 0. ′′ per pixel. We used a slit of 2 ′′ width for the P84 observations (seeing up to 1 ′′ .5 allowed, ESO priority B), and 1 ′′ width for the P85 observations (seeing up to 1 ′′ allowed, ESO priority A), which results in a nominal resolution of R ∼ 1500 for P84, and R ∼ 3000 for P85, respectively.
We used two different filters, i.e., the SZ and the J filter, in order to select the 5th and 4th grating order for measuring the Hα and [N II] λ 6584 lines of galaxies at 0.5 < z < 0.65 and 0.65 < z < 0.9, respectively. The covered wavelength range was 59 nm and 46 nm when using the J and the SZ filter, respectively. The corresponding pixel scales were 0.58Å/pixel and 0.45Å/pixel.
The individual integration times varied between 1800 s and 3600 s, depending on the brightness of the Hβ EL flux, which we used to estimate the minimum expected Hα flux. During the observations the telescope was nodded between two positions ∼ 10 ′′ apart along the slit. Dark frames, flat-fields and (Xe+Ar) arc lamp spectra were taken with the same filter, central wavelength and slit width for each of the targets observed during the night. The conditions were clear during these observations. Spectra were reduced using the ESO ISAAC pipeline, after removal of bias and of the cosmic rays in every single exposure using the IRAF routine cosmicrays. Wavelength calibration was performed using OH skylines, and flux calibration using the broadband magnitudes of the telluric standards. For more details on data reduction of ISAAC observations we refer the reader to Sect. 2 in Ma05, where we dealt with very similar VLT ISAAC spectroscopy of CFRS galaxies at similar redshifts as the zCOSMOS-bright target galaxies.
The Measurements
EL Fluxes
EL fluxes were measured from the calibrated NIR ISAAC spectra following the procedure described in Ma05. Table 1 reports, for each individual galaxy, the EL fluxes (or upper limits). Specifically:
(i) We were able to measure Hα in the NIR for all 39 galaxies reported in Table 1. A&A proofs: manuscript no. CMaierISAACz07zCOSMOS
(ii) [OII] , Hβ, and [OIII] fluxes were measured for all 39 galaxies using the automatic routine Platefit_VIMOS (Lamareille et al. 2015, in preparation) . After removing a stellar component using Bruzual & Charlot (2003) models, Platefit_VIMOS performs a simultaneous fit of all ELs using a Gaussian profile. The Hβ flux was thereby corrected for Balmer absorption. Additionally, an aperture correction to take into account slit losses was applied to each VIMOS spectrum, as described in Sect. 2.1.6 of Maier et al. (2009) .
(iii) The [N II] λ 6584 EL flux was measured for 17 galaxies, but was too faint to be detected for 22 objects. Nevertheless, we could determine upper limits to the [N II] λ 6584 flux for these 22 galaxies, because the ISAAC targets were selected such that the [NII] line should not be affected by a night sky line (as described in Sect. 2.3). Table 1 lists the 2σ upper limits for these 22 galaxies.
Given the UV to IR coverage of the SED of the zCOSMOS objects with 30 bands (Ilbert et al. 2009 ), we are able to reliably compute the NIR (we detect the continuum for most ISAAC targets) and optical magnitudes from the SED to perform the relative calibration of the EL fluxes measured in the optical and NIR, also in the case of non-photometric spectroscopic observations. In few cases of P84 observations we do not detect the continuum in NIR, but since we used a slit of 2 ′′ for these observations, the resulting EL fluxes should approximate "total" fluxes (cf. discussion in Sect. 2 of Ma05). The reliability of the relative calibration between the NIR and optical data necessary to measure the extinction from the Balmer decrement is reinforced by the good agreement of the SFRs derived from extinction corrected Hα and SFRs from IRAC and MIPS infrared data (Sect. 3.5). [OII]/Hβ to identify Type-2 AGNs at 0.5 < z < 0.9, the NIR spectroscopy enables us to use the original BPT (Baldwin et al. 1981 Fig. 1 , to establish if the source of gas ionization is of stellar origin, or rather associated with AGN activity. The 0.5 < z < 0.9 zCOSMOS galaxies with ISAAC spectroscopy lie under and to the left of the theoretical (solid) curve of Kewley et al. (2001) , which separates starforming galaxies from AGNs, and they lie also under and to the left of the empirical (dashed) curve of Kauffmann et al. (2003) . This indicates that in our 0.5 < z < 0.9 zCOSMOS galaxies with ISAAC spectroscopy the dominant source of ionization in the gas is recent star formation.
The BPT diagram
As described in Sect. 2.2, we excluded narrow line AGNs from the ELOX parent sample using the "blue BPT diagram" from Lamareille et al. (2010) . Therefore, the findings of Fig. 1 indicate that the "blue BPT diagram", as used by Pérez-Montero et al. (2013) , is efficient in removing type-2 AGNs in the zCOSMOS sample.
Derivation of Oxygen Abundances and Extinction Parameters
To derive oxygen abundances O/H and the extinction parameters A V for the 39 zCOSMOS galaxies with NIR ISAAC spectroscopy we used the approach described in Ma05. This is based on the models of Kewley & Dopita (2002, KD02) , who developed a set of ionisation parameter and oxygen abundance diagnostics based on the use of strong rest-frame optical ELs. The (Baldwin et al. 1981 ) diagnostic diagram to disentangle star formation-dominated galaxies from AGNs. The zCOSMOS galaxies with ISAAC spectroscopy are shown as filled red circles, z < 1 CFRS galaxies from Ma05 as filled green squares, and local NFGS galaxies from Jansen et al. (2000) as open blue circles. The zCOS-MOS 0.5 < z < 0.9 galaxies lie under and to the left of the theoretical (solid) curve of Kewley et al. (2001) and of the empirical (dashed) curve of Kauffmann et al. (2003) , which separate star-forming galaxies (below/left of the curves) from AGNs (above/right of the curves).
method relies on a simultaneous fit to all available EL fluxes (including the [N II] λ 6584 upper limits) in terms of extinction parameter A V , ionisation parameter q, and O/H, and is described in detail in Ma05. Maier et al. (2005 Maier et al. ( , 2006 showed that, if [OII], Hβ, [OIII] and Hα are all measured, an upper limit for [NII]λ6584 often suffices to break the O/H degeneracy and determine oxygen abundances based on the χ 2 analysis presented in Ma05. The O/H degeneracy is due to the fact that R 23 is not a monotonic function of oxygen abundances, i.e., it is double-valued: at a given value of R 23 there are two possible choices of the oxygen abundance. The resulting metallicities for the zCOSMOS galaxies with NIR spectroscopy are given in Table 1 , including six out of 39 galaxies with a double-valued O/H measurement.
The error bars of O/H and A V that we report in Table 1 are the formal 1σ confidence intervals for the projected best-fitting values. As described in Sect. 3.3 of Ma05, the error bars of the oxygen abundance (or A V ) are given by the range of oxygen abundance (or A V , respectively) for those models with χ 2 in the range χ
min is the minimum χ 2 of all allowed models for a given galaxy), corresponding to a confidence level of 68.3% for one single parameter. A detailed discussion of the calculation of the error bars of O/H and A V , and of the assignment of non-degenerate (not double-valued) oxygen abundances is given by Ma05, and also in Sect. 3.5 of Maier et al. (2014) , so we refer the reader to these papers.
Stellar Masses
To perform SED fitting analysis and estimate the galaxy stellar mass based on the optical to IRAC photometric data from COSMOS, the HyperzMass software was used. This is a modified version of the public photometric redshift code Hy- Table 1 . Observed and derived quantities for the zCOSMOS 0.5 < z < 0.9 galaxies with NIR follow-up spectroscopy The complete version of this table for the full sample of 39 galaxies will be available after the paper is published in A&A.
perz (Bolzonella et al. 2000) . HyperzMass fits photometric data points with the Bruzual & Charlot (2003) synthetic stellar population models, and picks the best-fit parameters by minimizing the χ 2 between observed and model fluxes. The stellar mass is obtained by integrating the SFR over the galaxy age, and correcting for the mass loss in the course of stellar evolution.
The choice of the different parameters was discussed and compared by Bolzonella et al. (2010) for the z < 1 redshift regime, so we refer the reader to that paper for details. Specifically, Bolzonella et al. (2010) showed that the stellar mass is a rather stable parameter in SED fitting for z < 1 galaxies when dealing with a data set like COSMOS, spanning a wide wavelength range extending to NIR. It should be noted that the stellar mass calculated in this paper is always the actual mass of longlived stars, and when literature data is used we always correct to this definition if necessary.
Star formation rates (SFRs)
One of the most reliable and well calibrated SFR indicators is the Hα EL. For the 39 zCOSMOS galaxies with NIR spectroscopy, the Hα luminosities (corrected for extinction using the A V values computed as described in Sect. 3.3) were used to calculate the SFRs, by applying the Kennicutt (1998) conversion of Hα luminosity into SFR: SFR(M ⊙ yr −1 ) = 7.9 × 10 −42 L(Hα)ergs/s. Fig. 2 shows the comparison of the SFRs computed using different methods, for zCOSMOS galaxies with ISAAC NIR spectroscopy. SFRs from COSMOS IRAC and MIPS infrared data for the objects with infrared detections were calculated converting the rest-frame 8µm luminosity to a dust-corrected Paschen-α luminosity using the calibration from Calzetti et al. (2005) , and then converting the Paschen-α luminosity to SFR using a calibration from Osterbrock (1989) (for more details see Le Floch et al. 2015, in preparation) . The good agreement (within the measurements errors) of the SFRs from ISAAC Hα and SFRs from COSMOS IRAC and MIPS infrared data seen in panel a of Fig. 2 is reassuring, and reinforces the reliability of the Hα-based SFRs and of the relative calibration between the NIR and optical data required to measure the extinction from the Balmer decrement (cf. Sect. 3.1).
Most of the zCOSMOS-bright galaxies at 0.5 < z < 0.9 do not have NIR measurements of Hα, i.e., their SFRs have to be determined using bluer ELs observed with VIMOS, like Hβ and [OII] . We compare the Hα -based SFRs with SFRs estimators using Hβ and [OII] Therefore, in the following, when Hα is not available for ELOX galaxies, we will use SFRs derived from the [OII] luminosity using the Gilbank et al. (2010) calibration. It should be noted that the Gilbank et al. (2010) [OII]-SFR calibration compensates for the effects of metallicity dependence and dust extinction by applying an empirical mass-dependent correction for the [OII]-SFR relation, which was derived using data in the deeper SDSS Stripe 82 subsample.
Morphological classification
We use the structural parameters and morphological classification of the COSMOS galaxies based on the Zurich Estimator of Structural Types (ZEST) classification derived by Scarlata et al. (2007) . The ZEST classification scheme is based on the principal component analysis of five non-parametric diagnostics, i.e., asymmetry, concentration, Gini coefficient, second-order moment of the brightest 20% of galaxy pixels, and ellipticity. The ZEST scheme morphologically classifies galaxies into three main types: early type galaxies T1, disk galaxies T2, and irregular galaxies T3. It should be noted that the ELOX sample, selected to be a sample of galaxies with ELs, contains only 13 galaxies (< 1.5% of the sample) classified as ZEST early-type T1; therefore we will concentrate on the types T2 and T3 when discussing morphologies of the ELOX sample.
Results
Breaking the Degeneracy in R 23 for ELOX Sample Galaxies without NIR Spectroscopy
To break the R 23 degeneracy for the 900 galaxies in the ELOX sample without NIR spectroscopy of Hα and [N II] λ 6584, one needs an additional indicator. We use the D 4000 vs.
[O III] λ 5007/Hβ diagram for this purpose (Fig. 3) . The D 4000 vs. [O III] λ 5007/Hβ values for the zCOSMOS ELOX sample at 0.5 < z < 0.9 are shown as cyan points in Fig. 3 . The 33 zCOSMOS galaxies with reliable O/H measurements are shown as blue filled circles for galaxies with low (branch) O/H measurements, and red filled circles for galaxies with high (branch) O/H measurements. Additionally, green filled circles depict the six galaxies with double-valued solutions. There is a region of the D 4000 vs. [O III] λ 5007/Hβ diagram with D 4000 < 1.2 and [OIII]/Hβ > 1.8 (above the upper horizontal magenta line) occupied by galaxies with low (branch) O/Hs (blue symbols), and a region with D 4000 > 1.2 and [OIII]/Hβ < 1.6 (below the lower horizontal magenta line) occupied by galaxies with high (branch) O/Hs (red symbols). This information can be used to break the lower/upper branch R 23 degeneracy of other zCOSMOS ELOX galaxies without NIR spectroscopy, but similar D 4000 and [OIII]/Hβ as the 33 benchmark galaxies with ISAAC spectroscopy and reliable metallicities. Thus, we empirically found robust criteria to distinguish the lower/upper branch R 23 , using the position of galaxies with It should be noted that this method to break the R 23 degeneracy for ∼ 10 10 M ⊙ galaxies can not be derived/improved using the larger SDSS local sample of galaxies, because virtually no galaxy in the SDSS sample has such a high [O III] λ 5007/Hβ line ratio at similar stellar masses like the [O III] λ 5007/Hβ of the low metalllicity zCOSMOS galaxies with ISAAC spectroscopy shown in Fig. 3 . This is indicated, e.g., by the orange contours in the upper panel of (Maier et al. 2015 , in preparation, first results shown in Kuchner et al. (2014) ). We use these values for Hα and [NII] to get an O/H estimate for the upper and lower branch, while simultaneously fitting all the lines for metallicity O/H, reddening A V and ionization parameter q (see Sect. 3.3), as described in Ma05. We then choose the low metallicity solution for ELOX galaxies degeneracy for the 0.5 < z < 0.9 zCOSMOS galaxies (cyan points) without NIR spectroscopy. The 39 zCOSMOS galaxies with ISAAC spectroscopy are shown as blue filled circles for galaxies with low (branch) O/H measurements, red filled circles for galaxies with high (branch) O/H measurements, and green filled circles for the six galaxies with double-valued solutions (note that the D 4000 and [O III] λ 5007/Hβ values of two galaxies are almost identical, i.e., the respective green circles coincide). This diagram can be used to break the lower/upper branch R 23 degeneracy of other 0.5 < z < 0.9 galaxies without NIR spectroscopy, but similar D 4000 and [OIII]/Hβ as the 33 benchmark galaxies with ISAAC spectroscopy and reliable metallicities. with D 4000 < 1.2 and [OIII]/Hβ > 1.8, for ∼ 15 % of the entire ELOX sample.
The SSFR-mass relation at z ≈ 0.7 and selection effects
The specific SFR (SSFR) has been found to be a tight but weak function of mass at all epochs up to z ∼ 2 for (most) star-forming galaxies (main sequence, MS), and to evolve strongly with epoch by a factor of 20 to z ∼ 2 (Daddi et al. 2007; Elbaz et al. 2007; Noeske et al. 2007; Salim et al. 2007; Peng et al. 2010) . The dashed black (almost horizontal) lines in Fig. 4 show the SSFRs calculated using Eq.1 of Peng et al. (2010) for the MS at z = 0.5 and z = 0.62 (left panels), and at z = 0.62 and z = 0.75 (right panels), assuming a weak dependence of SSFR on mass (as observed for local SDSS galaxies), SSFR∝M β with β = −0.1. The dispersion of ∼ 0.3 dex about the mean relation is taken into account by the dotted (almost horizontal) lines. We consider as MS objects those galaxies in the region between the dotted lines in Fig. 4 .
SFRs for the individual zCOSMOS galaxies with ISAAC NIR follow-up (panels a and b in Fig. 4) were derived from Hα, while for the parent ELOX sample of 797 galaxies at 0.5 < z < 0.75 (panels c and d) we used SFRs derived from [OII] as described in Sect. 3.5. The big magenta filled circles in panels c and d in Fig. 4 indicate the mean SSFR in three mass bins 9.5 ≤ log(M/M ⊙ ) ≤ 10, 10 < log(M/M ⊙ ) ≤ 10.5, and 10.5 < log(M/M ⊙ ) ≤ 11. The position of the mean SSFR relative to the MS in Fig. 4 indicate that both samples at 0.5 < z < 0.62 and at 0.62 < z < 0.75 are quite representative for MS galaxies at the higher masses. At lower masses, the 0.5 < z < 0.62 sample is still dominated by MS galaxies, while 0.62 < z < 0.75 galaxies lie predominantly above the MS, which could bias the low mass 0.62 < z < 0.75 sample more towards lower metallicities.
The data points in Fig. 4 are color-coded according to their measured metallicity value (legend in panel c). Also according to the legend in panel c, the colors of the grid points in panel a and b indicate the metallicities derived for the Z(M,SFR) from Eq. 40 in Li13. This way one can explore if the measured metallicities (color of the data points) and the expected metallicity assuming a redshift independent Z(M,SFR) relation (color of the grid points) are in agreement. Like in Maier et al. (2014) , because M10 and Li13 use a Chabrier (2003) IMF, we converted the masses to a Salpeter (1955) IMF after computation of the expected O/Hs (color of the grid points), by adding 0.23 dex to the stellar masses.
It should be noted that, when using the KD02 calibration, the upper metallicity R 23 branch roughly corresponds to O/H > 8.6 (see Fig. 5 in KD02) . The 119 ELOX galaxies with O/H < 8.6 (cyan circles in panels c and d) are shown again as black symbols in panels a and b, to explore their nature. Many of these galaxies with lower metallicity would be missed by studies which assume upper branch R 23 solution for all galaxies. They represent ∼ 15% of the ELOX sample and have typically lower masses (9.5 < log(M/M ⊙ ) < 10.3), and preferentially irregular morphologies when they have higher SSFR. 66% of the low metallicity objects above the MS are irregulars (triangles in panels a and b), similar to those galaxies reported in Amorin et al. (2014) .
Our study shows that these low metallicities galaxies exist at intermediate redshifts because: i) first, they lie in a region of the SSFR-mass diagram where also some zCOSMOS galaxies with ISAAC spectroscopy and reliable O/H < 8.6 are located; ii) second, given their masses and SFRs, the prediction of the Z(M,SFR) extrapolation of Li13 is O/H < 8.6 for most of these galaxies, as shown by the cyan color of the grid points in panels a and b in the region occupied by most black symbols (which depict galaxies with O/H < 8.6).
4.3. The MZR at z ≈ 0.7 Fig. 5 shows the MZR of 0.5 < z < 0.75 zCOSMOS galaxies, compared to SDSS. For the local MZR, we converted the oxygen abundances of Tremonti et al. (2004) to the KD02 calibration using the Kewley & Ellison (2008) conversion, and also converted their stellar masses to a Salpeter (1955) IMF. 16th and 84th percentiles, and the medians (50th percentiles) of the distribution of O/H in the respective mass bin are shown as black thick lines for SDSS, and the median SDSS MZR, shifted downward by 0.3, 0.5 and 0.7 dex, respectively, is shown by the three thinner black lines. Our ISAAC based O/H measurements for the 29 galaxies at 0.5 < z < 0.75 with reliable metallicity measurements are shown as larger green filled circles, while the zCOSMOS ELOX measurements are shown as small filled red circles.
The O/H measurements and MZR found by Zahid et al. (2011) using more than 1000 galaxies from the Deep Extragalactic Evolutionary Probe 2 (DEEP2) sample at slightly higher redshift, 0.75 < z < 0.82, are shown in Fig. 5 by the cyan individual points and the blue line showing the mean DEEP2 relation from Eq. 8 in Zahid et al. (2011) , converted to the KD02 calibration by applying the conversion given in Table 3 of Kewley & Ellison (2008) . Zahid et al. (2011) found that high stellar mass galaxies with log(M/M ⊙ )∼ 10.8 (and higher masses) have metallicities similar to the SDSS sample, only 0.05 dex lower, which is within the errors of the metallicity calibration conversions. For lower masses the metallicity difference increases, up to ∼ 0.15 dex Fig. 4 . The SSFR-mass relation for zCOSMOS galaxies at 0.5 < z < 0.62 (panels a and c) and at 0.62 < z < 0.75 (panels b and d), with the data points color-coded according to the measured metallicity value (legend in panel c). The colors of the grid points in panel a and b indicate the metallicities expected for the Z(M,SFR) extrapolation of Li13. In panels a and b, galaxies with ISAAC spectroscopy are shown as colored symbols, while ELOX galaxies with O/H < 8.6 (the respective cyan circles in panels c and d) are shown as black symbols as squares (triangles) for T2 (T3) morphologies. In panels c and d the big magenta filled circles show the mean values of the SSFRs in three mass bins. ELOX galaxies with lower branch metallicities O/H < 8.6, which represent ∼ 15% of the sample, have typically lower masses (9.5 < log(M/M ⊙ ) < 10.3), and preferentially irregular morphologies when they have higher SSFR. This diagram also shows that SFR is a second parameter in the MZR of the zCOSMOS sample at 0.5 < z < 0.75, because galaxies with higher (S)SFRs have generally also lower metallicities.
for galaxies with log(M/M ⊙ )∼ 9.4. The mean O/H values, in three mass bins, of zCOSMOS galaxies at 0.62 < z < 0.75, shown as big magenta filled circles in Fig. 5 , are in agreement with the Zahid et al. (2011) DEEP2 mean relation at similar (slightly higher) redshifts 0.75 < z < 0.82. On the other hand, the mean O/H values for the 0.5 < z < 0.62 zCOSMOS sample are higher at the lower masses than the mean DEEP2 relation. This indicates that the MZR evolves to lower metallicities with increasing redshift, although the selection effects of higher mean SSFR at lower masses (especially in the higher redshift bin 0.62 < z < 0.75), shown in panels c and d of Fig. 4 , may play a role for the amount of evolution.
While both zCOSMOS and DEEP2 galaxies at z ∼ 0.5 − 0.8 have similar (slightly lower) metallicity at the higher masses compared to z ∼ 0, a population of galaxies with metallicities lower by a factor of 2 − 3 compared to SDSS exists at the lowest masses probed by zCOSMOS and DEEP2. Given the metallicity uncertainties, this offset towards lower metallicities at a given mass at z ∼ 0.5 − 0.8 is in agreement, at least for the highest masses, with the 0.12 dex value found by Pérez-Montero et al. (2013) for the zCOSMOS sample at 0.6 < z < 0.8 with a similar S /N > 5 selection in Hβ, but with the assumption of upper branch of R 23 for all objects (Table 3 in Pérez-Montero et al. 2013 ). On the other hand, at the lower masses we find more lower metallicity galaxies compared to the Pérez- Montero et al. (2013) study, because we break the R 23 degeneracy for the ELOX sample as described in Sect. 4.1, finding a low metallicity solution for 15% of the ELOX galaxies.
It should be noted that the lower number of low mass (9.5 < log(M/M ⊙ ) < 10) galaxies with high metallicities at 0.62 < z < 0.75 compared to 0.5 < z < 0.62 is very likely due to the selection effects shown in Fig. 4 and discussed in Sect. 4.2. More MS galaxies at z > 0.62 at the lower masses and lower SSFR are missed from the sample compared to z < 0.62: the magenta symbol showing the mean SSFR at 9.5 < log(M/M ⊙ ≤ 10 at z > 0.62 lies above the MS. This shows that at higher redshifts selection effects can produce a much steeper MZR (because of the missing low mass, low SFR, high metallicities galaxies) than an unbiased sample. Any conclusion on the evolution of the slope of the MZR with redshift must be therefore treated with caution; therefore we do not plot in Fig. 5 the mean MZR relation of the ELOX sample, and do not discuss the exact value of the low-mass slope of the MZR of the ELOX sample. Nevertheless, we find indication that the low-mass MZR slope is getting steeper at z ≈ 0.7 compared to local galaxies. 5 . The MZR of zCOSMOS ELOX 0.5 < z < 0.75 galaxies (red circles) and galaxies with O/H measurements based on additional ISAAC spectroscopy (green filled circles), compared to the local MZR of Tremonti et al. (2004) and the MZR at 0.75 < z < 0.82 found by Zahid et al. (2011) using the DEEP2 sample. The individual DEEP2 data are shown as cyan symbols, while the mean DEEP2 relation from Eq. 8 in Zahid et al. (2011) , converted to the KD02 calibration, is shown as a blue line. The mean O/H values of zCOSMOS galaxies in three mass bins are shown as big magenta filled circles. While both zCOSMOS and DEEP2 galaxies at z ∼ 0.5 − 0.8 have similar (slightly lower) metallicity at the higher masses compared to z ∼ 0, a population of galaxies with metallicities lower by a factor 2-3 compared to SDSS exists at the lowest masses probed by zCOSMOS and DEEP2.
The existence of ∼ 10 10 M ⊙ z ≈ 0.7 galaxies with metallicities lower by a factor of 2 − 3 than local similar mass galaxies can be interpreted as the chemical version of galaxy downsizing (cf. Maier et al. 2006) . "Down-sizing" was originally introduced by Cowie et al. (1996) to describe the observational fact that a mass threshold decreases (in mass) with cosmic time. Cowie et al. (1996) showed that a threshold in mass exists below which "forming galaxies" (with their timescale of formation M/SFR less than the Hubble time at that redshift) were found and above which they were not found. This concept has been generalised and used to any situation in which signatures of galaxy "youthfulness" exhibit a similar mass threshold which decreases with epoch. Irregular morphologies, blue colours, high equivalent width ELs, and, as earlier argued in Maier et al. (2006) , low O/Hs, have been used as signatures of galaxy "youthfulness". As shown in Fig. 5 for the case of "chemical downsizing", the mass threshold for finding low metallicities decreases from ∼ 2 × 10 10 M ⊙ at z ≈ 0.7 to below ∼ 3 × 10 9 M ⊙ for local SDSS galaxies, which, at ∼ 3 × 10 9 M ⊙ , still exhibit quite high metallicities (O/Hs larger than ∼ 8.6). Fig. 4 already indicates that SFR is a second parameter in the MZR of zCOSMOS galaxies at 0.5 < z < 0.75, because, at a given mass, galaxies with higher (S)SFRs have generally also lower metallicities (color of the data points). To explore this issue further, we use Fig. 6 , a different version of the SSFR-mass relation for the zCOSMOS ELOX galaxies at 0.5 < z < 0.62 (panels a and c) and at 0.62 < z < 0.75 (panels b and d), with the lower panels showing only galaxies with T2 (disk) morphologies. We calculated, for each point in the SSFR -mass grid, the mean values of the O/H for galaxies in the ELOX sample within ±0.05dex in log SFR and logM around the (SFR, mass) values at the respective grid point. We show as open circles in Fig.6 the mean (color-coded) metallicity data of ELOX galaxies at the position of grid points with at least three ELOX galaxies within ±0.05dex around the (SFR, mass) values at the respective grid point. Fig.6 shows that, in general, at a given stellar mass, galaxies with lower SSFRs have higher O/Hs (red circles, O/H> 8.95) than higher SSFR objects, which have lower O/Hs (8.8 < O/H < 8.95, green circles) and even lower 8.6 < O/H < 8.8 (blue circles) for higher SSFRs. Thus, a dependency of the MZR of 0.5 < z < 0.75 zCOSMOS galaxies on SFR exists.
SFR as a second parameter in MZR, and the FMR
All data mean values are color-coded according to their measured metallicities (see legend in Fig. 4) , to explore if the measured metallicities (color of the data points) and the expected metallicity assuming a redshift independent Z(M,SFR) relation (color of the grid points) are in agreement. The upper panels a and b show the Li13 Z(M,SFR) predictions (color of the grid points), while the lower panels c and d show the M10 Z(M,SFR) O/H predictions. It should be noted that, for typical massive MS galaxies at 0.5 < z < 0.75, the predicted O/Hs for a non evolving Z(M,SFR) of Li13 and M10 (their Eq. 2) differ by less than 0.05dex, as shown in Fig. 5 of Maier et al. (2014) . However, for lower mass galaxies and galaxies above the MS at these redshifts, the extrapolations of Li13 and M10 differ, as discussed in Maier et al. (2014) and shown here in Fig.6 , by the different color of the grid points at the respective (SFR,mass) values in the upper versus the lower panels. Therefore, as shown also in Fig. 4 , lower metallicity galaxies with masses 9.5 < log(M/M ⊙ ) < 10.3 are better in agreement with the Li13 Z(M,SFR) extrapolation than with M10.
Most disk (T2) galaxies are in agreement with both M10 (their Eq.2) and Li13 FMR predictions, particularly at 0.5 < z < 0.62, where these disk galaxies lie mainly on the main sequence (panel c). Galaxies with irregular morphologies (T3) have typically high SSFRs, as shown by the circles which appear in the upper panels of Fig.6 (where both T2 and T3 galaxies metallicities and the predicted metallicities for a non-evolving FMR is good for the entire zCOSMOS ELOX sample (Fig. 6) .
7. This study emphasizes that assuming the upper-branch R 23 metallicity calibration for galaxies at intermediate redshifts would missclassify as metal-rich a substantial fraction (up to about 20% in a given mass range) of truely low metallicity galaxies.
